INTRODUCTION
We have known for more than 30 years that the floor of the Ariantic Ocean exhibits numerous large seamounts [Heezen et aI., 1959] (see Epp and Smoot [1988] for a recent summary). Most existing knowledge of these seamounts is based on scattered echo sounding and seismic lines and, in a very few places, on detailed surveys. Sampling of the seamounts likewise is limited, but it has recovered both basaltic igneous rocks and sedimentary samples from the sedimentary caps that sometimes are present, particularly on flat-topped guyors. Most of the recovered igneous rocks have been exposed to seawater for long periods of time and are highly altered. Consequently, accurate radiometric age dating of the samples is difficult, and the derived geochronometric ages can be subject to large uncertainties. Samples of the sedimentary caps are useful in providing minimum ages for the seamounts, but it usually is difficult to estimate the period of time that elapsed between emplacement of the igneous rock and accumulation of the sampled sedimentary record. Despite the lack of detailed data on most seamounts, enough information exists to suggest general ages or age trends; these data have been used to predict larger-scale age relationships in the context of specific models for the origin of seamounts, particularly those seamounts found in linear chains. A number of models have been proposed for the origin of North Atlantic seamounts ; the most successful 17,556 Verhoef [1984] made indirect age estimates of seamounts in the Great Meteor "chain" based on the relations between age and elastic thickness of the lithosphere as described by Bodine et al. [1981] . His greatest estimated age was 65 Ma for the Cruiser group of seamounts; estimated ages of most of the remaining seamounts, including Great Meteor, were in the range of 3847 Ma. Subsequently, Verhoef and Collette [1985, 1987] recognized that these ages probably are too large because they do not consider effects of lithosphere thinning and thermal rejuvenation at the time of seamount formation [Derrick and Crough, 1978] . Verhoef and CoIlette [1985] also used age-depth backtracking to determine maximum ages of several seamounts in the Great Meteor "chain", with derived ages ranging from 37 to 23 Ma. There are large uncertainties in the ages derived in all these studies, so the presence or absence of age-progressive volcanism has been unresolved. However, Verhoef and Collette [1987] preferred the concept of generally simultaneous volcanism, possibly as a response to change in plate stress patterns, and they assumed an age of 22
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Ma for the bulk of the seamount complex.
It is possible significantly to improve our understanding of the origin and age of these seamount groups through examination of their morphology, depths, and associations with one another in plate kinematic reconstructions. Consequently, we have studied detailed multibeam bathymetry over the Comer, Plato, Tyro, Cruiser, and Great Meteor seamount groups (Figures 1-4) , obtained through swathmapping surveys of the U.S. Naval Oceanographic Office. Aspects of the sonar data acquisition system have been discussed by Smoot [1986] . Navigation in the surveys was produced by merging inertial and satellite navigation with speed logs to produce accurate positioning.
We also examined plate kinematic reconstruction of the In the ensuing discussion we briefly describe the morphology of the Comer and Cruiser seamounts, and we derive the apparent age (based on age-depth relations) of seamount geomorphic features that are thought to have formed at sea level. From these data we examine the patterns of volcanism in the seamount groups and consider the question of age-progressive volcanism above the New England hotspot. We conclude that the pattern of volcanism is consistent with sequential formation of the New England, Comer, and the Great Meteor "chain" seamounts above the New England hotspot. •t-. Table 2. by adding 0.6 times sediment thickness to the water depth [Crough, 1983] Seamount ages are constrained only by minimum and maximum values, derived in the following way. Minimum ages are determined by assuming that the seamount feature subsided at the maximum allowable rate, that is as if the surrounding crust had been totally reset to zero thermal age; in such instances we would expect to see concomitant development of a thermal swell. Conversely, derived maximum ages are based on subsidence at the rate of surrounding normal ocean crest; consequently, they assume no thermal reset and imply no development of a thermal swell.
In making age determinations for the Comer seamounts (Table 1) , we assumed that subsidence followed the age-depth relation for the underlying crust at each seamount, and that no uplift or thermal age reset of the crust occurred during volcanic episodes ( Figure 6 ). This assumption may seem surprising, but it appears to be reasonable because the adjacent oceanic crest is at the expected depth (corrected for sediment loading) for its age. Any uplift or thermal reset would have caused the crust to have a positive depth anomaly. We also assume that crustal loading by each volcanic edifice was synchronous with seamount construction and that no significant load-induced subsidence occurred after construction. It is possible that limited thermal uplift in fact did occur during volcanic construction and that this was roughly offset by load-induced subsidence to give the correct crustal depth for crustal age. More rapid subsidence would accompany any such thermal reset, and it would have the effect of decreasing the calculated ages of volcanism. For this reason we consider the ages in Table 1 to be maximum ages, although they probably are close to true ages. For peaked seamounts in the Comer group, only maximum ages can be given (parentheses, Table 1), since the seamounts could have formed below wave base at any time after their supporting crust subsided to depths greater than their heights.
Calculation of ages of volcanism in the eastern Atlantic (Table 2 ) is more involved because the seamounts are located on a positive depth anomaly of about 1500 m [Verhoef, 1984] and because some seamounts appear to exhibit several volcanic phases. Figure 7 , constructed for Irving Seamount on the Cruiser plateau, illustrates our methodology. The Cruiser plateau (base level) is assumed to have formed near sea level. It has a maximum average age of 78 Ma, which is the average age of the underlying crust; this age is permissible because the anomalously shallow depth of the crust could have been caused by uplift and thermal reset during succeeding volcanic episodes. The minimum age of the plateau is about 65 Ma, determined by assuming that the crust experienced a total thermal reset (and thus subsided like new lithosphere) and had no subsequent thermal reset (dotted PMIN line, Figure 7 ). We estimate an actual age of 76 Ma, based on likely distribution of volcanic patterns in the Late Cretaceous (see Plate Reconstruction). We further assume that the massive volcanic by the complexities in the foregoing example. However, both the minimum and maximum ages are considered unrealistic in each case, the former because total reset of the subsidence relation would be required without associated uplift to former crustal levels, the latter because subsidence would be assumed to have been unaffected by thermal uplift, even though thermal uplift is known to have caused a depth anomaly of-1500 m. The "actual minimum" ages (Table 2) [e.g., Fox and Gallo, 1986] , and the thicker lithosphere could be expected to be less readily penetrated by mantle melts. A possible explanation is that because the fracture valley is highly faulted, its crust and upper manfie were penetrated, cooled, and altered by seawater, effectively insulating the valley from significant magmatism. Indeed, such invasive alteration of the upper lithosphere has been used to explain anomalously low seismic velocities in transform valleys, as well as the occurrence of median ridges that presumably were created by serpentfinite diapirism [Fox and Gallo, 1989 ]. 200-300 km to the north but apparently did not cause concurrent volcanism on the Cruiser plateau itself or within a similar radius to the south (Figure 9 ).
The second alternative is more difficult to evaluate.
Northward migration of volcanism could have been as slow as 6-8mm/• (Figure 9 ). This is close to the ,--5 mm/yr limit that normally is considered to define "fixed" hotspots [Morgan, 1981] , and it is well within the 10-20 mm/yr rate at which a number of widely separated hotspots have been calculated to move with respect to the Hawaiian hotspot [Molnar and Stock, 1987] . Thus it is conceivable that the northward migration represents independent motion of the New England hotspot. Figure 3) , or in other basement irregularities occurring roughly at plateau "base level".
A second implication of observed recurrence is that significant, edifice-building volcanism can occur long after a region has passed over a hotspot. The best examples in the present study are seamounts 4, 9, and 11 in the Comer seamount group (Figures 2 and 10) where late stage volcanism postdated passage of the hotspot by 18-31 m.y. and was some 800 km distant from it. Within the age uncertainty of events in the Great Meteor "chain", it is also possible that the final volcanic phase at Hyeres, Irving, and Cruiser seamounts was occurring simultaneously with the-16-11 Ma construction of the Great Meteor seamounts, which presumably were above the New England hotspot at the time. These edifices are 200-300 km apart. These examples suggest that lithosphere passing over a hotspot is conditioned so that plume flow can reach large distances back along the hotspot track to engender later volcanic episodes.
A phenomenon slightly different in mechanism, but similar in scale, has been suggested by Morgan [1978] to explain geochemical anomalies on spreading ridges that once passed over hotspots. In this model a sublithospheric channel develops and extends to maintain continuity between the hotspot and the ridge crest as the two migrate away from one another. For the South Ariantic, ridge-crest geochemical anomalies and hotspots as far as 700 km apart have been cited by Schilling et al. [1985] in support of this model. Schilling [1985, 1986] suggested that with increasing distance between hotspot and ridge crest, both geochemical and ridge elevation anomalies decrease, the latter disappearing first, until the hotspot manifestation becomes totally intraplate. Duncan [1984] and Schilling [1986] In conclusion, we have investigated a little used, geomorphologic method of estimating ages of seamount volcanism in the North Atlantic. The technique clearly lacks precision, but just as obviously can provide some important constraints on patterns of volcanism and migration of hotspots. There is a need to determine ages along a large number of hotspot traces in order to examine questions of hotspot fixity and to optimize models of "absolute" plate motion. Interpretation of detailed seamount geomorphology
